Preparation of the cold complexes
Acetohydroxamic acid (AHA) and all other reagents and solvents were obtained commercially and used without further purification unless otherwise noted. N-methyl acetohydroxamic acid (Me-AHA) was prepared according to the literature procedure. 1 An additional purification over silica gel using ethyl acetate/methanol (99/1) was necessary to obtain Me-AHA with satisfactory purity before use for complexation. 1 H NMR and 13 C NMR spectra were recorded on a Bruker Advance 300 MHz instrument, and chemical shifts are reported in ppm on the δ scale relative to TMS or residual solvent (except in D 2 O spectra where ACN was added as reference). Electrospray ionization-mass spectra (ESI-MS) were acquired using an Agilent LC ⁄ MSD system equipped with a multimode ion. Elemental analyses were performed by Galbraith Lab. Inc. (Knoxville, TN) using combustion analysis method for C, H, and N and inductively coupled plasma-atomic emission spectroscopy (ICP-OES) method for Zr.
Zr(AHA) 4 :
To a solution of zirconium (IV) acetylacetonate (525 mg, 1.08 mmol) in 40 mL dry MeOH under nitrogen, was added a solution of acetohydroxamic acid (363 mg, 4.86 mmol) in 5 mL dry MeOH. Our attempts to obtain suitable crystals for X-ray diffraction with this complex were unsuccessful.
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Zr(Me-AHA) 4 :
To a solution of zirconium (IV) acetylacetonate (239 mg, 0.49 mmol) in 20 mL dry MeOH under nitrogen, was added a solution of N-methylacetohydroxamic acid (179 mg, 2.01 mmol) dissolved in 10 mL dry MeOH. The reaction mixture was refluxed under nitrogen for 15 h. After cooling to room temperature, the solution was evaporated in vacuo, the residue was dissolved in chloroform and extracted twice with water. The aqueous layers were combined and evaporated in vacuo to afford a white solid (208 mg, 96 %), mp > 300 o C. 1 Crystallographic study of Zr(Me-AHA) 4 Crystallographic data was collected on a 0.572 x 0.258 x 0.097 mm 3 
Computational study
The quantum chemical study with Gaussian 09 2 utilized the polarizable continuum model to incorporate the solvent effect of water or CHCl 3 . Figure S1 . Geometry-optimized Zr(Me-AHA) 4 at the level of B3LYP/DGDZVP in the solvent reaction field of water. Quantum chemical calculation was done on the X-ray structure described in the manuscript. Atoms are colored as follows: white, hydrogen; green, carbon; blue, nitrogen; red, oxygen; gray, zirconium. Coordinates available in Table S1 Figure S2. Geometry-optimized Zr(Me-AHA) 4 at the level of B3LYP/DGDZVP in the solvent reaction field of water. Quantum chemical calculation was done after the replacement of Hf by Zr and NBPHA by Me-AHA in the X-ray structure of Hf(NBPHA) 4 ; see reference 9 in the main paper. Atoms are colored as follows: white, hydrogen; green, carbon; blue, nitrogen; red, oxygen; gray, zirconium. Coordinates available in Table S2 . Tables S3 and S4 . .778 was taken from the literature 3 for our experimental conditions. E o ' and Q were determined by titrating a standard HNO 3 solution at the same ionic strength. The liquid-junction potential, E j , was found to be negligible under the experimental conditions used. Each titration consisted of 150-200 equilibrium points in the range of pH 2.0−12.0, and at least two replicate titrations were performed for each individual system. The potentiometric data were refined with the Hyperquad software, 4 and speciation diagrams were plotted using the Hyss software. 5 The overall equilibrium (formation) constants 
89
Zr production 89 Zr was produced and purified at the National Institutes of Health, Bethesda, MD, USA, by the following procedure: Pressed pellets of yttrium metal (200 mg, 99.99 % purity; American Elements, USA) were irradiated with a proton beam of 15 MeV and a current of 20 μA for 2-4 h on a GE PETtrace cyclotron. 89 Zr was separated from the yttrium target material by the use of hydroxamate resin as described by
Holland et al. 6 Briefly, the target material was dissolved in 4 x 0.5 mL fraction of 6M HCl. After 1 h, the undissolved solid residue was separated by filtration, the resulting solution diluted to 5 mL with deionized water and loaded onto the hydroxamate resin column. The column was then washed with 4 x 2.5 mL of 2 M HCl and 4 x 2.5 mL de-ionized water. After the solution was removed from the column, the 89 Zr was eluted with successive portions of 1 M oxalic acid. The first 0.4 mL fraction was discarded and the next 0.7 mL fraction collected for further use. 
